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(54) STANDARD LIGHT FREQUENCY GENERATOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To control both an absolute 
wavelength and a frequency interval in a wide band at 
the same time by a method wherein mode synchronizing 
semiconductor lasers of different gain bandwidths are 
longitudinally connected together so as to make the 
leading or trailing edges of their light spectra overlap 
with each other, and all the semiconductor lasers are set 
coincident with each other in absolute wavelengths and 
pulse phase through a mutual light injection method. 
SOLUTION: Reference CW light of light frequency \|/0 is 
inputted from a reference CW light source 1 2 to a mode 
synchronizing semiconductor laser 11-1, and modulating 
signals of frequency AF are inputted from a microwave 
oscillator 13 to the mode synchronizing semiconductor 
laser 11-1 to synchronize with the reference CW light in 
reference timing. Then, the output pulse 1 of the mode 
synchronizing semiconductor laser 11-1 is partly 
injected into a mode synchronizing semiconductor laser 
11-2 through the intermediary of a light splitter 14-1 to 

make the semiconductor laser 11-2 synchronize with it, and the output pulse 2 of the mode 
synchronizing semiconductor laser 11-2 is partly injected into a mode synchronizing 
semiconductor laser 11-3 through the intermediary of a light splitter 14-2 to make the 
semiconductor laser 11-3 synchronize with it, whereby the semiconductor lasers are set 
coincident with each other in absolute wavelength and pulse phase. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more mode locking semiconductor laser from which a gain band differs so that 
the skirt of an optical spectrum may lap mutually, The criteria CW light source which outputs the 
criteria CW light of predetermined optical frequency, and the electric oscillator which outputs the 
modulating signal of a predetermined frequency, If it has two or more optical branching means to 
branch in a part of light pulse outputted from said each mode locking semiconductor laser and 
any one of said two or more mode locking semiconductor laser is made into the 1st mode locking 
semiconductor laser This 1st mode locking semiconductor laser inputs said criteria CW light and 
said modulating signal. Each mode locking semiconductor laser after the 2nd mode locking 
semiconductor laser which outputs the 1st light pulse of the stable absolute wavelength and a 
phase, and adjoins said 1st mode locking semiconductor laser The standard optical frequency 
generator characterized by carrying out optical impregnation of the light pulse outputted from 
the mode locking semiconductor laser of the preceding paragraph through said optical branching 
means, and carrying out the sequential output of the light pulse of the mode locking 
semiconductor laser of the preceding paragraph absolutely synchronized with wavelength and a 
phase. 

[Claim 2] Mode locking semiconductor laser is a standard optical frequency generator according 
to claim 1 characterized by being the higher-harmonic collision pulse mode synchronous 
semiconductor laser constituted by making into a basic unit the collision pulse mode 
synchronous semiconductor laser which has arranged the gain field to both ends and has 
arranged the saturable absorption field in the center section, and carrying out serial arrangement 
of this basic unit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the standard optical frequency generator made 
to generate the standard optical frequency of a broadband using semiconductor laser equipment. 
The standard optical frequency of this broadband is used for the reference source of for 
example, a wavelength multiplex transmission system etc. 
[0002] 

[Description of the Prior Art] The method of using the light modulation side band generated by 
modulating the continuation homogeneous light (CW light) which serves as criteria conventionally 
as a technique of generating the standard optical frequency of a broadband is proposed. 
[0003] Drawin g 6 shows the configuration of the conventional standard optical frequency 
generator using a light modulation side band. In drawing, the CW light source 61 generates the 
criteria CW light of the oscillation frequency nu according to criteria optical frequency. An 
optical modulator 62 inputs the modulating signal of the microwave outputted from the 
microwave oscillator 63 of this criteria CW light and a lower order phase noise. Although the 
symmetrical Mach-Zehnder-interferometer mold optical modulator which can generally take a 
high extinction ratio is used for an optical modulator 62, this really forms the optical waveguide 
and microwave waveguide which carried out phase matching on a lithium NAIO bait crystal, and it 
is constituted so that it may become a resonator to microwave. Since microwave is reinforced 
within a resonator, the light modulation of the large amplitude is possible with low power. It is the 
thing of a standard commercial item, a single side band phase noise includes a microwave 
oscillator 63 in all bands, and they are 100 dBc/Hz. What can be generated is used for a 
broadband (- 50GHz) over the following in the microwave of repressed high quality. 
[0004] By the light modulation by such configuration, the light modulation side band for every 
modulation frequency is generated focusing on the criteria light to input When this light 
modulation side band was generated with the Mach TSUENDA modulator on the strength based 
on a phase modulation, that optical frequency spectrum presented the COM of the shape of a 
pyramid which makes input light top-most vertices, and the reinforcement of each component 
was described by the Bessel function. 

[0005] Here, the standard optical frequency of a broadband can be generated by arranging the 
light modulation side band generated from two or more CW light so that it may be mutually in 
agreement in the part of the skirt as shown in drawing 7 . In order to make this skirt in 
agreement a phase-locked loop stabilization technique is used. This controls the oscillation 
frequency of the input light of a side band so that it extracts the one mode at a time from the 
part of the skirt with which two side bands lapped, respectively and the phase in the two modes 
synchronizes in while. 

[0006] Drawing 8 shows the example of a configuration of the conventional standard optical 
frequency generator which used the phase-locked loop, drawing — setting — oscillation 
frequency nu 0 The light modulation side band 1 is generated using the CW light source 61-1, an 
optical modulator 62-1. and the microwave oscillator 63-1 of oscillation frequency deltaF. The 
mode of (nuO+NdeltaF) is taken out from this light modulation side band 1 through the optical 



http://www4.ipdl.inpitgo.jp/cgi-bin/tran_web_cgi_eije 



2007/10/23 



JP,11-004037,A [DETAILED DESCRIPTION] 



2/4 ^— it 



splitter 64-1 and a band pass filter 65-1. On the other hand, the light modulation side band 2 is 
generated using the CW light source 61-2 of the oscillation frequency nu, an optical modulator 
62-2, and the microwave oscillator 63-2 of oscillation frequency deltaF. The mode of (nu- 
MdeltaF) is taken out from this light modulation side band 2 through the optical splitter 64-2 and 
a band pass filter 65-2 (N and M are N=M=5 at the integer of arbitration, and the example of 
d rawing 7 ). 

[0007] As for the mode of (nu-MdeltaF), only the frequency f of the electric oscillator 67-1 is 
formed for a delta frequency by the sound optical frequency shifter 66-1. this (nu-MdeltaF+f) — 
it is multiplexed with the multiplexing vessel 68-1 f and the mode and the mode of (nuO+NdeltaF) 
are inputted into a photodetector 69-1, and are changed into an electrical signal. It is inputted 
into a mixer 70-1, the relative phase error in the two modes is detected, and phase simulation 
realizes this electrical signal and the signal of a frequency f by carrying out the negative 
feedback control of the CW light source 61-2 by making it into an error signal. 
[0008] When the phase in the two modes controls the oscillation frequency of the input light of a 
side band one by one like the following so that while synchronizes, the standard optical 
frequency of a broadband is obtained. 
[0009] 

[Problem(s) to be Solved by the Invention] The control circuit where the conventional standard 
optical frequency generator shown in drawin g 8 constitutes a phase-locked loop in proportion to 
the number of optical COM increases. And each control circuit is complicated as shown in 
drawing 8 f with the configuration which needs many CW light sources in order to obtain the 
standard optical frequency of a broadband, is still more complicated and becomes high cost 
extremely. 

[0010] Moreover, by the series connection system of a phase-locked loop, since an error was 
accumulated, there was a trouble that a system became unstable. By the way, an optical 
injection-locking technique is one of those are replaced with a phase-locked loop stabilization 
technique. However, since the one half of a light modulation side band overlaps completely 
mutually with the configuration which newly forms a light modulation side band focusing on the 
wavelength in the mode extracted from the skirt of a light modulation side band, effectiveness is 
bad and very unsuitable for obtaining broadband standard optical frequency. 
[001 1] This invention aims at offering the standard optical frequency generator which can be 
made to generate the standard optical frequency by which wavelength and frequency spacing 
were absolutely controlled by coincidence by the easy configuration in a broadband. 
[0012] 

[Means for Solving the Problem] The standard optical frequency generator of this invention is a 
configuration controlled so that two or more mode locking semiconductor laser from which a gain 
band differs is connected to concatenation so that the skirt of an optical spectrum may lap 
mutually, and wavelength and a pulse phase (timing) are altogether in agreement absolutely by 
the phase alternating light pouring-in method. 

[0013] By pouring into mode locking semiconductor laser the lightwave signal by which the phase 
between the modes synchronized and wavelength was generally controlled absolutely The 
absolute wavelength and the pulse phase (timing) of mode locking semiconductor laser are 
controllable to coincidence (reference:). [ Z.Ahmed, et al„ ] [ "Locking characteristics of a 
passively ] mode-locked monolithic DBR laser stabilized by optical injection", IEEE Photonics 
Technol.Lett, 8 (1), pp.37~39, 1996. 

[0014] For this reason, two or more mode locking semiconductor laser from which a gain band 
differs is prepared so that the skirt of an optical spectrum as shown in drawing 2 may lap 
mutually, and wavelength and a pulse phase (timing) are first controlled by impregnation, 
compulsion, or phase-locked loop stabilization of criteria CW light, for example for the mode 
locking semiconductor laser by the side of minimum wavelength absolutely. Furthermore, the 
standard optical frequency of all mode locking semiconductor laser by which could synchronize 
wavelength and a pulse phase (timing) absolutely and wavelength and frequency spacing were 
absolutely stabilized as the result in the broadband can be generated by carrying out sequential 
impregnation of a part of the output pulse at the mode locking semiconductor laser which 
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branches and adjoins. 

[0015] In addition, you may make it control sequentially the mode locking semiconductor laser 
into which criteria CW light is poured first to a short wavelength side from the mode locking 
semiconductor laser for example, not only the thing by the side of minimum wavelength but by 
the side of the longest wavelength. 
[0016] 

[Embodiment of the Invention] Drawing 1 shows the basic configuration of the standard optical 
frequency generator of this invention. As two or more mode locking semiconductor laser 11-1, 
1 1-2, and 1 1-3 are shown in drawing 2 , gain bands differ so that the skirt of an optical spectrum 
may lap mutually. It is the criteria CW light source 12 to the optical frequency nu 0 to the mode 
locking semiconductor laser 1 1-1 which has the gain of short wavelength most in it Criteria CW 
light is inputted, the modulating signal of frequency deltaF is inputted from a microwave 
oscillator 13, and it is made to synchronize with criteria wavelength and criteria timing with 
compulsion or phase-locked loop stabilization. It branches through the optical splitter 14-1, and 
optical impregnation is carried out and a part of output pulse 1 of this mode locking 
semiconductor laser 11-1 is synchronized with the adjoining mode locking semiconductor laser 
1 1-2. Thereby, the absolute wavelength and the pulse phase (timing) of an output pulse 2 of the 
mode locking semiconductor laser 11-2 can be synchronized. 

[0017] Next, it branches through the optical splitter 14-2. and optical impregnation is carried out 
and a part of output pulse 2 of the mode locking semiconductor laser 11-2 is synchronized with 
the adjoining mode locking semiconductor laser 11-3. Hereafter, by performing such branching 
and impregnation one by one, it is controllable so that the absolute wavelength and the pulse 
phase (timing) of all mode locking semiconductor laser are in agreement. Thereby, the standard 
optical frequency generator of a broadband is realizable. 

[0018] Hereafter, the concrete example of a configuration of each part is explained. It was based 
on the absorption line of HCN gas in the criteria CW light source 12. The 193.1THz DFB laser of 
the narrow line width with which optical frequency was absolutely locked by wavelength can be 
used. 

[0019] The conventional multi-electrode accumulation mold mode locking semiconductor laser 
shown in drawing 3 can be used for the mode locking semiconductor laser 11. The modulating 
signal from the outside is impressed to a segment 1, and a pulse phase (timing) controls it In the 
present condition, the repeat frequency of about 25GHz can be realized to stability. Component 
length is a refractive index. It is abbreviation when referred to as 3.5. 1.7mm is an optimum value. 
The inrush current control to the phase adjustment field of a segment 2 performs the 
synchronization to criteria CW light In addition, a segment 3 is a DBR field and a segment 4 is a 
gain field. Shallow etching which does not arrive to a barrier layer performs division of an 
electrode, and separation resistance 1kohm is realized, stopping internal reflection as much as 
possible. 

[0020] Moreover, the higher-harmonic collision pulse mode synchronous semiconductor laser 
shown in drawing 4 can be used for the mode locking semiconductor laser 1 1. Here, it is drawing 
4 (a). The structure of the conventional collision pulse mode synchronous semiconductor laser 
which has arranged the gain field 21 to both ends, and has arranged the saturable absorption 
field 22 in the center section is shown. This serves as a basic unit of higher-harmonic collision 
pulse mode synchronous semiconductor laser. Drawing 4 (b) The structure of the higher- 
harmonic collision pulse mode synchronous semiconductor laser constituted by carrying out 
serial arrangement of this basic unit is shown. 

[0021] Drawin g 4^ (a) In the shown collision pulse mode synchronous semiconductor laser (basic 
unit), since two pulses go the inside of a laser cavity around, a pulse train twice the repeat 
frequency of basic-mode spacing of a laser cavity can be generated. Mode spacing will become 
deltaFm=c/(nLo) if the velocity of light in n and a vacuum is set [ the die length of a basic unit ] 
to c for Lo and an effective refractive index. For example, it is a repeat frequency if n= 3.5 and 
Lo=450micrometer. It is set to 190GHz. 

[0022] drawin g 4 (b) if a basic unit is the same with the shown structure of higher-harmonic 
collision pulse mode synchronous semiconductor laser — the repeat frequency of a higher— 
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harmonic mode locking pulse — a principle — it is eternal. In this case, if the number of basic 
units is set to N, the pulse which goes around will be 2-N piece, and basic-mode spacing will 
decrease to 1-/N. However, since the die length of a gain field increases N times, an 
improvement [ more extensive than a basic unit ] on the strength is expectable. 
[0023] However, basic-mode spacing decreases with increase of N f and there is a possibility that 
higher-harmonic mode locking may become unstable. However, drawin g 4 (b) Since the pulse 
which goes around collides with coincidence in the saturable absorption field 22 so that it may 
be shown, the only higher-harmonic mode locking condition is stabilized. 

[0024] In addition, higher-harmonic collision pulse mode synchronous semiconductor laser is 
realizable like the conventional multi-electrode accumulation mold mode locking semiconductor 
laser with the multi-electrode structure by the electrode separation by etching. 
[0025] Here, the device which stabilizes higher-harmonic collision pulse mode synchronous 
semiconductor laser by optical impregnation with reference to drawin g 5 is explained. By 
impregnation of criteria CW light the 1st higher-harmonic collision pulse mode synchronous 
semiconductor laser outputs the light pulse (super mode original) by which wavelength and a 
pulse phase (timing) were stabilized absolutely, and is poured into the 2nd higher-harmonic 
collision pulse mode synchronous semiconductor laser. Here, super mode is the mode locked by 
higher-harmonic mode locking, and the 6th example is shown by a diagram. 
[0026] When the 2nd higher-harmonic-wave collision pulse mode synchronous semiconductor 
laser presents the super mode 1 which is in agreement with original super mode, the super mode 
synchronizes originally by optical impregnation. Also in the case of super mode 2 which is not in 
agreement with original super mode on the other hand, since repressed basic cavity mode and 
original harmonize, the super mode 2 at the time of un-pouring in is oppressed by optical 
impregnation, and the harmonizing super mode 3 grows. That is, even when super mode is an 
inequality, the optimal super mode will be automatically chosen by optical impregnation. 
[0027] Thus, a repeat frequency can be high, also when an oscillation frequency cannot be easily 
adjusted by an inrush current etc., the significance of existence in repressed cavity mode can be 
high, and it cannot be concerned with mode spacing, but wavelength and a pulse phase (timing) 
can be stabilized absolutely one by one. 

[0028] In addition, the phase-locked loop stabilization circuit to the passive-mode-locking 
semiconductor laser proposed conventionally, the dividing hybrid mode synchronizing method, 
etc. can be used as an approach of stabilizing the pulse phase (timing) of such higher-harmonic 
collision pulse mode synchronous semiconductor laser. 
[0029] 

[Effect of the Invention] As explained above, the standard optical frequency generator of this 
invention can generate the standard optical frequency of the broadband by which wavelength and 
frequency spacing were absolutely controlled by coincidence with a very easy and cheap 
configuration. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the standard optical frequency generator made 
to generate the standard optical frequency of a broadband using semiconductor laser equipment 
The standard optical frequency of this broadband is used for the reference source of for 
example, a wavelength multiplex transmission system etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the basic configuration of the standard optical frequency generator 
of this invention. 

[ Drawing 2] Drawing showing the relation of the gain band of two or more mode locking 
semiconductor laser. 

[Drawing 3] Drawing showing the structure of multi-electrode accumulation mold mode locking 
semiconductor laser. 

[Drawing 4] Drawing showing the structure of higher-harmonic collision pulse mode synchronous 
semiconductor laser. 

[Drawing 5] Drawing explaining the device which stabilizes higher-harmonic collision pulse mode 
synchronous semiconductor laser by optical impregnation. 

[ Drawin g 6] Drawing showing the configuration of the conventional standard optical frequency 
generator using a light modulation side band. 

[ Drawing 7] Drawing showing that it can synchronize when two side bands carry out phase 
simulation in the part of the skirt. 

[D rawing 8 ] Drawing showing the example of a configuration of the conventional standard optical 
frequency generator using a phase-locked loop. 
[Description of Notations] 

1 1 Mode Locking Semiconductor Laser 

12 Criteria CW Light Source 

13 Microwave Oscillator 

14 Optical Splitter 

21 Gain Field 

22 Saturable Absorption Field 
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DRAWINGS 



[Drawing 3] 
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[ Drawing 4] 
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[Drawing 8] 
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